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2006/0191846 Al 8/2006 Sumino etal. .............. 210/603 nitric acid 1s mixed with the liquid to be treated. By introduc-
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1

ANAEROBIC TREATMENT METHOD AND
ANAEROBIC TREATMENT APPARATUS

CROSS REFERENCE TO RELATED
APPLICATIONS

This application 1s based upon and claims the benefit of
priority from the prior Japanese Patent Applications No.

2007-126340, filed on May 11, 2007, No. 2007-126596, filed
on May 11, 2007, and No. 2007-126548, filed on May 11,
2007, and PCT Application No. PCT/IP2008/055003, filed
on Mar. 18, 2008, the entire contents of which are icorpo-
rated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present mmvention relates to a method of anaerobic
treatment and anaerobic treatment apparatus which treat
water containing organic matter by using methane fermenta-
tion, and 1n particular, the present invention 1s related to a
method of anaerobic treatment and apparatus 1n which water
containing organic matter 1s mtroduced to a reaction tank

which retains granular sludge and an anaerobic biotreatment
1s performed.

2. Description of the Related Art

A UASB (Upflow Anaerobic Sludge Blanket) process
which performs a high-load, high-speed treatment using a
high density granular sludge having excellent settling prop-
erties 1s known as an anaerobic treatment method of an
organic waste water. In the UASB process, waste water 1s
introduced to a reaction tank which retains a sludge blanket
formed by the granular sludge and by passing a liquid 1n the
upilow, contacts with the sludge blanket. In this method, in
order to perform a high-load high-speed treatment, organic
solids with a slow digestion rate are separated in the case
where they are contaminated in the wastewater, and dissolved
organic matter with a high digestion rate 1s biologically
treated by the granular sludge. As a treatment method which
develops the UASB method and makes a more high-load
high-speed treatment possible, an EGSB method (Expanded
Granule Sludge Blanket) 1s also known 1n which wastewater
r 1s passed at a higher flow rate 1nto a tall reaction tank and the
sludge blanket 1s developed at a high development rate.

In the UASB and EGSB methods, a granular sludge in
which anaerobic microorganisms are granulated 1s used and
the sludge containing anaerobic microorganisms 1s main-
tained 1n a granular form and multiplied. A biological treat-
ment method which uses granular sludge can be operated at
high-load high-speed because a high sludge retention concen-
tration can be obtained compared to a fixed bed or fluidized
bed which retain the microorganisms on a support material. In
addition, because the density of microorganisms 1s high and
settling properties are excellent 1n granular sludge, solid lig-
uid separation 1s easy. Furthermore, 1t 1s recognized as the
most efficient anaerobic treatment method because excess
granular sludge from an operating reaction tank can be trans-
terred as seed sludge for a new reaction tank, the reaction tank
can be started in a short time and a stable treatment can be
performed from the start-up period.

In a method such as UASB which uses granular sludge, the
most 1mportant point for treating stably and successtully
wastewater 1s maintaining and multiplying the granular
sludge. If the granular sludge can not be maintained or mul-
tiplied within the reaction tank, the ability to treat the waste-
water 1s reduced and eventually becomes impossible to treat.
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Granular sludge 1s formed when microorganisms of an
aceticlastic genus Methanosaeta (formerly called genus
Methanothrix) become a skeleton, forms one type of ecosys-
tem 1n which hydrogenotrophic methanogens, acetic acid
bacteria, and acidogens coexist. Even within these microor-
ganisms, acidogens work towards increasing the binding
strength between bacteria because they catabolize glucide,
lipids and proteins, and produce a viscous substrate. There-
fore, 11 the culture of a sugar substrate 1s used the strongest
granular sludge 1s produced.

Because wastewater r 1n general sewage or industrial efflu-
ent contains glucide and other high molecular organic matter,
acidogens multiply when this 1s anaerobically treated. In the
anaerobic treatment process, the above stated microorgan-
1sms other than the acidogens also multiply, organic acids are
produced and the organic acids become acetic acid by being
catabolized 1n sequence and further catabolized into methane
and carbon dioxide gas. Under the condition that the aci-
dogens multiply, each type of microorganism stated above
which participates in the series of anaerobic treatments stated
above and multiplies, binds together via the viscous substrate
and a very strong granular sludge 1s formed. Therefore, by
passing general wastewater 1n the uptlow and performing
anaerobic treatment 1t 1s possible to form self generating
granular sludge.

However, unlike this usual wastewater r, when a liquid to
be treated which has a low substrate concentration of aci-
dogens, for example, a liquid to be treated containing organic
matter below carbon number of four which are discharged
from a chemical factory etc., 1s treated, the granular sludge
becomes easier to disintegrate. In particular, 1n the case where
a liquid to be treated 1n which the main components (about
50-90% by mass of total organic matter) are organic matter
below carbon number of two such as acetic acid, methanol,
cthanol and acetaldehyde, microorganisms multiply with
genus Methanosarcina as the dominant species.

It 1s difficult for bacteria of genus Methanosaeta, genus
Methanosarcina and genus Methanobacterium to form
granular sludge, and because the production of a viscous
substrate 1n the granular sludge becomes less, multiplication
of the granular sludge becomes anemic and strength 1s also
insuificient. As a result, when a long period of operation 1s
continued of water containing these types of organic matter as
the liquid to be treated, the granular sludge 1s broken down,
has a small particle size and the amount of sludge within the
reaction tank 1s reduced.

In particular, 1n the case of treating a liquid to be treated
which has a substrate having carbon number of one, specifi-
cally methanol, formic acid, or formaldehyde as the main
component, because the above stated genus Methanosaeta
can not utilize these substrates, Methanogens of genus
Methanosarcina or genus Methanobacterium are grown and
become a state which 1s more difficult to granulate. For
example, when methanol as a single substrate 1s used 1n a
USAB type treatment apparatus which 1s continuously oper-
ated for a long period of time, the granular sludge breaks
down, 1s mmmaturized and the amount of sludge 1s dramati-
cally reduced. As a result, anaerobic treatment with granular
sludge of a liquid to be treated which has low molecular
organic matter such as those stated above as the main com-
ponent was difficult.

A treatment method which supplies acetic acid or a sub-
stance which produces acetic acid when an anaerobic treat-
ment using a granular sludge such as USAB 1s mnitiated, has
been proposed (for example, Japanese Registered Patent No.
2563004). In the method disclosed in Japanese Registered
Patent No. 2563004, when an apparatus for treating waste-
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water which are difficult to granule as stated above, 1s 1niti-
ated, acetic acid or a substrate which produces an acetic acid
1s provided, methanogens of genus Methanosaeta are caused
to dominatedly multiply and the granular sludge 1s caused to
disintegrate 1n a short period of time. d
However, because genus Methanosaeta can use a low
molecular compound as a substrate, 1 the introduction of
acetic acid 1s terminated after mnitiating an anaerobic treat-
ment using granular sludge using the method disclosed in
patent document 1, methanogens of genus Methanosarcina or
genus Methanobacterium gradually grows, and break down
of the granule begins.
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The present invention attempts to support granular sludge
by making the conditions under which microorganisms
which contribute to a support of granular sludge within a
reaction tank multiply. In this way, 1t 1s an aim of the present
invention to provide an anaerobic treatment method and
anaerobic treatment apparatus which can multiply granular
sludge and stably and efficiently perform an anaerobic treat-
ment even 1n the case where treatment 1s performed under
conditions where the granular sludge 1s easily disintegrated.

The present invention provides the following:

(1) a method of anaerobic treatment including introducing
a liquid to be treated to a reaction tank which retains a granu-
lar sludge, and contacting the liquid to be treated with the
granular sludge while adding nitric acid or nitrous acid to the
liquid to be treated or the reaction tank.

(2) The method of anaerobic treatment described 1n (1),
wherein a liquid which contains nitric acid or nitrous acid 1s
added to the liquid to be treated or the reaction tank so that N
becomes equal to or larger than 0.1% and equal to or less than
10% by mass with respect to a CODcr of the liquid to be
treated.

(3) The method of anaerobic treatment described 1n (1) or
(2), wherein at the time of flowing the liqud to be treated to
the reaction tank, nitric acid or nitrous acid 1s added so that the
concentration ol nitric acid or mitrous acid 1s in a range of 1 to
1,000 mg-N/L.

(4) The method of anaerobic treatment described 1n one of
(1) to (3), wherein the organic matter content having a carbon
number of four or less 1n the liquid to be treated 1s equal to or 45
more than 70% by mass of the total organic matter content.

(5) The method of anaerobic treatment described in one of
(1) to (4), wherein the liquid to be treated contains at least one
agent chosen from a group consisting of a chelating agent, a
scale dispersant, and a bactericidal agent.

(6) The method of anaerobic treatment described in one of
(1) to (5), wherein the anaerobic treatment 1s performed while
supplying a flocculant to the reaction tank.

(7) The method of anaerobic treatment described 1n one of
(1) to (6), wherein a liquid contaiming a glucide 1s introduced 55
to the reaction tank.

(8) An anaerobic treatment apparatus including a reaction
tank which retains a granular sludge, and a nitric acid/nitrous
acid addition means which 1s connected to the reaction tank
and which adds nitric acid or nitrous acid so that a tank liquid 60
within the reaction tank contains nitric acid or nitrous acid.

(9) The anaerobic treatment apparatus described in (8),
wherein the mitric acid/nmitrous acid addition means includes
an additive storage tank which stores nitric acid or nitrous
acid and an addition path which supplies a liquid within the
additive storage tank to the reaction tank or a liquid to be
treated introduced to the reaction tank.
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(10) The anaerobic treatment apparatus described 1n (8) or
(9), further including a supplement additive addition means
which supplies a flocculant and/or a glucide to the reaction
tank.

In the present invention, by providing a substrate of a
microorganism which forms granular sludge, the microor-
ganism 1s caused to produce a viscous substrate, the strength
of the granular sludge 1s increased and disintegration 1s pre-
vented. It 1s also possible to use a glucide such as starch as a
substance which caused the microorganisms to produce a
viscous substrate instead of a nitric acid or nitrous acid.
Consequently, 1t 1s possible to transform the present invention
as follows.

(11) A method of anaerobic treatment including introduc-
ing a liquid to be treated to a reaction tank which retains a
granular sludge, and adding glucide to the reaction tank or the
liquid to be treated and contacting the liquid to be treated with
the granular sludge 1n the case where the amount of organic
matter which have a carbon number of four or less contained
in the liquid to be treated are 70% by mass or more of the total
contained organic matter, in the case where the liquid to be
treated contains one or more agents chosen from a group
consisting of a chelating agent, a scale dispersant, and a
bactericidal agent, or in the case where the sludge load intro-
duced to the reaction tank exceeds 0.3 kgCODcr/kg-vss/d or
a upilow velocity within the reaction tank exceeds 1 m/h

(12) The method of anaerobic treatment described 1 (11)
wherein the liquid to be treated 1s evaporative condensed
water which 1s discharged by a pulp manufacture process.

(13) The method of anaerobic treatment described 1 (11)
or (12) wherein the glucide is starch.

(14) The method of anaerobic treatment described in (13)
wherein a starch which has been gelatinized 1s added as the
glucide.

(15) The method of anaerobic treatment described in (13)
or (14) wherein the starch 1s added so that the added amount
of starch has a CODcr ratio of 0.02-0.2 with respect to a
CODxcr concentration of the liquid to be treated.

(16) The method of anaerobic treatment described 1n one of
(11) to (15), wherein the anaerobic treatment 1s performed
while supplying a flocculant to the reaction tank.

(17) The method of anaerobic treatment described 1n one of
(13) to (16), wherein the liquid to be treated 1s evaporative
condensed water which 1s discharged by a pulp manufacture
process, and adding so that the concentration after adding

nitric acid or mitrous acid to the reaction tank or liquid to be
treated becomes 1-1000 mg/L.

The present invention 1s related to a method of anaerobic
treatment and an anaerobic treatment apparatus in which
water containing organic matter 1s mtroduced to a reaction
tank which retains a granular sludge and which stably retains
for a long period of time more than a fixed amount of the
granular sludge within the reaction tank by preventing disin-
tegration of the granular sludge. In other words, the present
invention multiples the granular sludge from the granular
sludge which 1s already retained within the reaction tank.
Furthermore, disintegration of the granular sludge refers to
the phenomenon whereby the granular sludge already formed
disintegrates while an anaerobic treatment 1s performed.

Furthermore, “performing anaerobic treatment while add-
ing nitric acid or nitrous acid” means adding mitric acid or
nitrous acid so that a certain amount of nitric acid or nitrous
acid 1s supplied to a reaction tank while anaerobic treatment
1s performed. Therefore, consecutively adding nitric acid or
nitrous acid 1s also equivalent to “while adding nitric acid or
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nitrous acid” and intermittently adding nitric acid or nitrous
acid 1s also one mode of “while adding nitric acid or nitrous
acid”.

In addition, nitric acid or nitrous acid 1s added so that nitric
acid or nitrous acid 1s supplied as 10ns (in other words, nitric
acid 10ns or nitrous acid 1ons) to the granular sludge within a
reaction tank. Theretfore, “adding nitric acid or nitrous acid so
that the concentration of nitric acid or nitrous acid in the
liquud to be treated when flown into the reaction tank,
becomes 1-1000 mg-N/L” means adding a substance which
discharges nitric acid 1ons or nitrous 10ns so that the concen-
tration of nitric acid 10ns or nitrous acid 10ns in the liquid to be
treated has the range stated above. Therefore, not only a nitric
acid solution but a nitrate may also be added as a nitric acid to
a liquud to be treated etc, and nitrate or nitrite for example, 1s
included 1n “nitric acid or nitrous acid™ as a substance which
discharges nitric acid 10ns or nitrous acid 1ons when adding to
a liquid to be treated.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s an exemplary diagram of biological treatment
apparatus related to a first embodiment of the present imnven-
tion,

FIG. 2 1s an exemplary diagram of biological treatment
apparatus related to a second embodiment of the present
invention,

FI1G. 3 1s a diagram which shows the results of an example
and a comparative example,

FI1G. 4 1s a diagram which shows the results of an example
and a comparative example,

FIG. 5 1s a diagram which shows the results of a reference
example and a comparative example,

FIG. 6 1s a diagram which shows the results of a reference
example and a comparative example,

FIG. 7 1s a diagram which shows the results of a reference
example, an example and a comparative example, and

FIG. 8 1s a diagram which shows the results of a reference
example, an example and a comparative example.

DETAILED DESCRIPTION OF THE INVENTION

The present invention will be explained i detail below
using the diagrams. FIG. 1 1s an exemplary diagram of an
anaerobic treatment apparatus (below referred to simply as
“treatment apparatus™) 1 for water containing organic matter
related to the first embodiment of the present invention. The
treatment apparatus 1 1s arranged with a nitric acid/nitrous
acid addition means and a reaction tank 20. The nitric acid/
nitrous acid addition means 1s here structured as a facility for
adding a nitrate and includes a storage tank (below referred to
as “nitric acid storage tank™) 11 which stores a nitrate solution
and a nitric acid addition path 12. A path of a liquid to be
treated 31 which introduces a water containing organic matter
which 1s the liquid to be treated, a process liquid path 32
which extracts the liquid already treated, and a gas path 33
which extracts generated gas are connected to the reaction
tank 20.

The reaction tank 20 1s filled with granular sludge. The path
of the liquid to be treated 31 1s connected to the lower part of
the reaction tank 20. Water containing organic matter 1s intro-
duced to the reaction tank 20 via a pump P arranged on the
path of the liquid to be treated 31 and tlows into the reaction
tank 20 by an upward tlow. In addition, a gas solid separation
device (GSS)1s arranged on the upper part ol the reaction tank
20. The top part of the GSS protrudes from the surface of the
liquid within the reaction tank 20. The gas path 33 1s con-
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nected to the upper part of the reaction tank 20. The process
liquid path 32 1s connected with the interior of the GSS.

Within the reaction tank 20, the interior of the GSS 1s the
gas solid separation section and the lower section becomes
the reaction part 22 where the granular sludge 1s developed. In
the reaction part 22, the granular sludge 1s developed and a
sludge blanket 24 1s formed The granular sludge 1S sludge n
which microorganisms including anaerobic microorganisms
self granulate and have a granularity of about 0.5-1.0 mm
average granule diameter, and a density of about 1.02-1.1
kg/L with excellent settling properties. The liquid of the reac-
tion part 22 1s separated to gas, liquid and solid within the
GSS and the liguid to be processed which 1s separated from
the granular sludge 1s extracted from the liquid to be pro-
cessed path 32.

In this way, 1n the process apparatus 1, water containing,
organic matter flows upwards to the reaction tank 20 which
retains the granular sludge, the granular sludge 1s developed
and a sludge blanket 24 1s formed. As a result, because the
contact efliciency between the water containing organic mat-
ter and the granular sludge increases, in UASB where a sludge
blanket with a height of about 3-5 m 1s developed 1n a reaction
tank with a height of about 5-7 m, a high-load high-velocity
process 1 which a sludge load 1s 0.1-0.7 kg-CODcr/kg-vss/d
and upflow velocity 1s about 0.3-1.5 m/h within the reaction
tank 1s possible. In EGSB which develops the sludge blanket
with a height of about 5-18 m within a reaction tank with a
height of about 7-20 m, a high-load high-velocity process in
which a sludge load 1s 0.1-1.0 kg-CODcr/kg-vss/d and
uptlow velocity 1s 3-10 m/h within the reaction tank 1s pos-
sible.

An organism concentration of CODcr 500-30,000 mg/L
and more preferably 1,000-20,000 mg/L 1s suitable for water
containing organic matter which 1s imntroduced to the reaction
tank 20. In addition, the organism load with respect to the
reaction tank 20 is preferred to be 5-30 kg-CODcr/m>/d and in
particular 8-20 kg-CODcr/m’/d. In addition, it is preferred
that the temperature 1s set at 25-40° C. and more preferably
30-38° C. as the anaerobic conditions without supplying oxy-
gen to the mnside of the reaction tank 20.

Preceding performing anaerobic treatment related to the
present invention, the granular sludge of the nature stated
above 1s retained 1n advance in the reaction tank 20 to about
20-50% per reaction tank volume. By anaerobically treating
the liquid to be treated 1t 1s possible to form self generating
granulated sludge, a flocculant 1s added to the reaction tank
which retains natant anaerobic sludge, self granulation 1s
encouraged and it 1s possible to self granulate the natant
sludge. However, a signmificant period of time 1s required to
form self generating granular sludge. In addition, when a
flocculant 1s added and the natant sludge i1s granulated, the
density of the granular sludge which 1s formed sometimes
becomes lower.

Thus, 1f a granular sludge which 1s discharged as surplus
sludge from an existing UASB or EGSB type reaction tank 1s
filled mto the reaction tank and water containing organic
matter which includes a substrate which multiplies the granu-
lar sludge 1s supplied, it 1s possible to start up the reaction tank
in a short period of time (that is, a reaction tank can be
obtained which retains a necessary amount ol granular
sludge). This 1s for the following purpose; granular sludge
grows within the reaction tank and 1s crushed by fluidity that
comes with the flow of water and production of gas within the
reaction tank and the crushed micro granules and fragments
become a nucleus and new granule shaped sludge 1s formed.

In order to perform a treatment stably with UASB, granular
sludge with an average particle size diameter of 0.5-3.0 mm,
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more preferably 0.8-1.5 mm 1s maintained within the reaction
tank 20 so that the above described sludge blanket 24 can be
formed. In the case of EGSB, it 1s necessary to stably retain a
granular sludge with an average particle size diameter of
0.5-3.0 mm, more preferably 1.0-1.5 mm within the reaction
tank 20.

Here, it 1s sufficient 11 the liquid to be treated which 1s
introduced to the reaction tank 20 1s a liquid which contains
treatable organic matter by contacting the liquid with the
granular sludge and performing an anaerobic treatment.
However, depending on the nature of the liquid to be treated
and the operation conditions of the reaction tank 20, the
granular sludge disintegrates while the treatment 1s continued
and the amount of granular sludge retained within the reac-
tion tank 20 sometimes decreases.

The present invention 1s particularly suitable for a treat-
ment of a liquid to be treated 1n which granular sludge 1s
casily disintegrated in this way, or a treatment under operation
conditions. Water containing organic matter which has a
small amount of organic matter (organic matter with a carbon
number of five or more such as glucide, fats, and proteins etc.)
which become a substrate of acidogens, for example, when
the amount of a substrate of acidogens 1s 30% or less by mass
of the total amount of organic matter, and 1n particular, water
containing organic matter which 1s 20% or less by mass are
examples of a liquid to be treated 1n which granular sludge 1s
casily disintegrated. Specifically, a liquid to be treated mainly
including lower organic matter (for example, 70% by mass or
more, more preferably 80% by mass of more of the total
amount of organic matter) can be given as an example. Here,
organic matter with a carbon number of four or less, 1n par-
ticular, 2 orless can be given as examples of a lower organism.
The greater the amount of organic matter with a lower carbon
number 1s mncluded the easier disintegration of the granular
sludge becomes.

For example, CODcr of an effluent (evaporative condensed
water, or evaporate condensate) which 1s discharged by dis-
tillation 1 order to reuse a cooking liquor which 1s obtained
by digesting a pulp within an alkaline solution, 1s about 3,000-
10,000 mg/L., and 70% or more of this by mass and usually
80-90% by mass 1s methanol and the organic content which
has a carbon number of five or more and which becomes a
substrate of acidogens, 1s about 10-20% by mass. In the
present invention, this type of liquid to be treated 1s particu-
larly suitable for the treatment.

In addition, even when a substrate of acidogens suiliciently
exists within the liquid to be treated, 1n the case where a
chelating agent, a scale dispersant and a bactericidal agent
etc. are included 1n the liquid to be treated, because the granu-
lar sludge 1s easily disintegrated, the method of the present
invention can be suitably applied. Particularly, in the case
where a chelating agent such as EDTA (ethylenediamine tetra
acetic acid), NTA (Nitrilotriacetic Acid) 1s included within
the liguid to be treated at a concentration of 3 mg/L. or more,
the granular sludge easily disintegrates. In addition, dithio-
carbamates as a disinfectant have a particular tendency to
disintegrate granular sludge.

Furthermore, even 1n the case where there 1s no cause for
disintegrating the granular sludge in the liquid to be treated
itself, the granular sludge 1s sometimes easily disintegrated
depending on the treatment conditions. For example, 1n the
case where the sludge load 1s high or flow speed of the liquid
1s high.

For example, in the case of UASB, 0.2-0.6 kg-CODcr/kg-
vss/d 1s suitable for the sludge load and 0.5-1.0 m/h 1s suitable
tor the uptlow velocity and 1n the case where the sludge load
to the reaction tank 20 exceeds 0.6 kg-CODcr/kg-vss/d, or i
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the uptlow velocity exceeds 1 m/h, the granular sludge 1s
casily disintegrated. In addition, 1n the case of EGSB, 0.2-0.7
kg-CODecr/kg-vss/d 1s suitable for the sludge load and 2-5
m/h 1s suitable for the uptlow velocity, and 1n the case where
the sludge load exceeds 0.7 kg-CODcr/kg-vss/d, or 1f the
uptlow velocity exceeds 5 m/h, the granular sludge is easily
disintegrated.

Thus, 1n the case of treating the liquid to be treated having
the nature stated above, or 1n the case of treating a liquid to be
treated under the conditions stated above, the present inven-
tion can be suitably applied by performing an anaerobic treat-
ment so that nitric acid or nitrous acid (below sometimes
referred to as “nitric acid etc.”) 1s supplied as 1ons to the
reaction tank 20. Below, a case which has a structure whereby
nitric acid 1s added to the liquid to be treated and introduced
to the reaction tank 20 1s explained.

However, the present invention can also be performed by
other structures, for example, a nitrous acid solution may be
used instead of nitric acid, and a structure may be adopted
whereby a solution of nitric acid etc 1s directly added to the
reaction tank 20. In addition, 1n the case where a pH adjust-
ment 1s arranged 1n a stage prior to the reaction tank 20, a
solution of nitric acid etc may be added to a pH adjustment
tank. Furthermore, while the nitric acids etc which are added
to the reaction tank 20 or the path of a liquid to be treated 31
are sometimes 1immediately consumed within the reaction
tank 20, by adding nitric acids etc, they can be included within
the liquid within the reaction tank 20 1n a short period of time.
Consequently, 1n the case where “the liquid within the reac-
tion tank includes nitric acid etc” then the present invention
also includes the case where the added nitric acids etc are
consumed almost instantly.

In the treatment apparatus 1, the end of the nitric acid
addition path 12 1s connected to a midway point of the path of
the liquid to be treated 31. The base of the nitric acid addition
path 12 1s connected with the nitric acid storage tank 11, and
the nitric acid solution within the nitric acid storage tank 11 1s
added to the path of the liquid to be treated 31. A valve V 1s
arranged at a midway point of the nitric acid addition path 12
and the amount and timing of adding the nitric acid 1s adjusted
by opening and closing the valve V.

The solution which contains nitric acids etc 1s added to the
liquid to be treated and it 1s preferred that 1t be contacted with
the granular sludge 1n a uniformly dissolved state. It 1s pre-
terred that the concentration of the nitric acid etc after adding
1s 1-1000 mg-N/L, more preferably 1-100 mg-N/L. In addi-
tion, 1t 1s preferred that the nitric acid etc be added so that the
ratio of nitrogen (N) with respect to the CODcr of the liquid
to be treated becomes 0.1-10% by mass. Furthermore, as a
substance which has granular strength improvement effects
other than nitric acid or nitrous acid, sugars may be used or
sugars and a polymeric tlocculant other than nitric acids etc
may be combined. Alternatively, 1norganic 1ons such as cal-
clum or magnesium may also be added. By adding these
substances 1n addition to nitric acids etc, 1t 1s possible to
further increase the granule strength retention etfects.

By adding a solution which includes nitric acids etc to the
reaction tank 20 in this way, denitrifying microorganisms
grow within the reaction tank 20. The microorganisms which
perform denitrification by using nitric acid or nitrous acid as
a substrate have a higher sludge yield per organic matter
compared to microorganisms which perform methane fer-
mentation. In addition, the demitrifying microorganmisms also
have the capability to form granules. As a result, by supplying
nitric acids etc. to the reaction tank 20 and growing denitri-
fying microorganisms, it 1s possible to multiply granules hav-
ing a mixture of methanogens and denitrifying bacteria, and
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also prevent disintegration of the granules. Consequently, 1t 1s
possible to stably retain a fixed amount or more of granular
sludge within the reaction tank 20.

The granular sludge which 1s formed by adding mitric acid
etc to the reaction tank 20 has a greater strength and excellent
treatment capabilities compared to the granular sludge
tormed by independently multiplying methanogens. The rea-
son for this 1s that 1t 1s assumed that 1t 1s possible to increase
the strength of granular sludge by making denitrifying micro-
organisms which have the capability of producing a greater
amount of extracellular high molecules coexist with metha-
nogens. In addition, because the metabolic pathway of micro-
organisms which multiply by using nitric acids etc as a sub-
strate 1s different to that of methanogens, by making the
microorganisms which have different metabolic pathways
coexist 1n the granular sludge and creating a large variety of
bacteria which are included in the granular sludge, 1t 1s
assumed that the treatment capabilities (ability to break down
persistent substances etc) of the granular sludge can be
increased.

Furthermore, 1 order to prevent disintegration of the
granular sludge because the cohesion of the flocculant is
strong 1n the case of independently adding a flocculant, for
example, the particle size of the granular sludge has a ten-
dency to become excessively large. In addition, because an
excessive binding force acts in the granular sludge which 1s
bound by the flocculant, that the diffusion of gas from an inner
part of the granular sludge 1s resisted and a ratio of the granu-
lar sludge which moves up by including the gas i1s larger
compared to the granular sludge which naturally forms with-
out adding the flocculant. In this way, when the granular
sludge binds due to the addition of the flocculant, the density
sometimes decreases depending on the amount of flocculant
added.

According to the present invention, a viscous substance 1s
produced by the microorganisms attached to the granular
sludge and 1n order to bind microorganisms by the operation
of this viscous substance, the inclusion of air bubbles when
the granular sludge 1s formed 1s reduced and an increasing of
the density of the granular sludge can be expected.

Thus, anaerobic treatment 1s performed by adding nitric
acids etc to a midway point of the liquid to be treated path 32.
Preferred conditions for an anaerobic treatment 1n the reac-
tion tank 20 are as above mentioned. In the reaction tank 20,
the organic matters within water containing organic matter
are broken down by the workings of the granular sludge and
a gas including methane i1s produced. The granular sludge
multiplies by using water containing organic matter as a
substrate.

A gas-solid separation process 1s performed within the
GSS on the mixed liquid which contains the gas produced 1n
the reaction tank 20 and the multiplied sludge, the gas 1s
extracted from the gas path 33 to the exterior of the reaction
tank 20 and stored 1n a gas holder 30. If the added amount of
nitric acids etc does not exceed 10% by mass as N with respect
to the CODcr of the liquid to be treated, then the effects of a
drop 1n quality of a gas by including nitrogen gas in the gas
produced 1n the reaction tank 20 can be decreased. The sludge
1s separated and the liquid content which i1s purified 1is
extracted to the exterior of the reaction tank 20 from the liquid
to be treated path 32. The liquid to be treated may be further
treated by an aerobic biological treatment apparatus (not
shown 1n the diagrams) arranged at a latter stage.

FIG. 2 1s an anaerobic treatment apparatus 2 which treats
water contaiming organic matter related to a second embodi-
ment of the present mvention. The treatment apparatus 2 1s
arranged with a flocculant path 42 which has an end con-
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nected to a midway point of a path of the liquid to be treated
31, and flocculant accumulation tank 41 which 1s connected
to the base end of the flocculant path 42. By this structure,
nitric acid etc are added and a liquid to be treated which
includes a tlocculant 1s introduced to the reaction tank 20.

By attaching the flocculant to the surface of the granular
sludge within the reaction tank 20 1t 1s possible to increase the
strength of the granular sludge. The type of tlocculant which
1s added 1s not limited. A flocculant which 1s suitable 1n a
nonionic, cationic, amonmic or amphoteric treatment system
can be used. Preferably, polyacrylamide, polyethylene oxide
are examples of a polymeric nonionic flocculant. Examples of
a cationic tlocculant are polyaminoalkylmethacrylate, poly-
cthylenimine, polydiallylammonium haloid, chitosan and
urca-formaldehyde resin. Examples of an anionic flocculant
are sodium polyacrylate, partially-hydrolyzed polyacryla-
mide, partially-sulfomethylated polyacrylamide, poly(2-
acrylamide)-2-methylpropane sulfonate. Examples of an
amphoteric flocculant are a copolymer of acrylamide, ami-
noalkylmethacrylate and sodium acrylate. The added concen-
tration of the flocculant should be about 0.01-2 mg/L. and 1n
particular 0.01-1 mg/L 1n the case of a polymeric tlocculant.

In this way 1t 1s possible to further increase the strength of
the granular sludge by including a flocculant 1n the liquid
within the reaction tank 20. In addition, in the present inven-
tion, because microorganisms which use the nitric acids eftc.
as a substrate, are included in the granular sludge and a
viscous substance 1s produced, the amount of flocculant may
be small. In addition, the flocculant may be added continu-
ously or itermittently. Furthermore, the flocculant may be
added before or after the nitric acids etc.

In addition, a glucide and/or inorganic ions may be added
instead of or in addition to adding a flocculant to the liquid
within the reaction tank 20. Starch can be suitably used as a
glucide with an added amount of 0.1-10% by mass with
respect to the CODcr of the liquid to be treated, and 1n terms
of a CODcr ratio, a range of 0.02-0.2 with respect to the
CODocr concentration within the liquid to be treated 1s pret-
erable. It 1s preferable that the glucide to be added 1s dissolved
and added as a liquid. In the case where starch 1s used, the
starch may be gelatinized and added 1n a liquid state. Specifi-
cally, the pregelatinized starch powder may be dissolved 1n
water and added to the liquid to be treated as a starch liquid,
and the gelatinized starch powder may be directly added to
the liquid to be treated. Alternatively, a starch which has not
been gelatinized, mixed with water and heated or set under
alkali conditions may be used as a gelatinized liquid form. By
adding starch, the microorganisms which use the starch as a
substrate are included in the granular sludge and a viscous
substance 1s produced, and as a result, an addition of a starch
contributes to the improvement of the eflects of preventing
granular sludge disintegration.

Various effluents containing starch which are discharged
from a paper making process may be used as a supply source
of a starch. Specifically, a coating effluent (coater wastewater)
discharged from a coating process, an effluent (DIP wastewa-
ter) discharged from a Deinked Pulp manufacturing process,
and a paper effluent including a s1ze agent which 1s discharged
from and used 1n a paper making process may be used inde-
pendently or mixed as a starch supply source. In the case

where an evaporative condensed water 1s used as the liquid to
be treated, 1t 1s possible to improve the eflective usage of
waste by using this type of effluent as the starch supply
source.
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EXAMPLES

Example 1

The present invention will be explaimned further below
based on examples. In the examples, water containing organic
matter with a nature described next, was introduced to an
experiment apparatus which resembles the process apparatus
1 shown 1n FIG. 1 and an anaerobic treatment was performed.
The water containing organic matter 1s a synthetic effluent
which includes a methanol concentration (as CODcr) of
2,970 mg/L, 30 g/LL of a mixed substrate with a ratio of 1:1
vegetable extract and meat extract as CODcr, and further
added with 30 mg-N/L. of NH,Cl as a nitrogen source and 5
mg-P/L of KH,PO, as a phosphor source.

In the reaction tank 20, the volume of the reaction section
22 apart from a section where a GSS 1s arranged with an
interior diameter of 6 cm and height of 1.2 m 1s 3 L and the
volume of a section which includes the GSS section 1s 4 L.
The experiment was begun 1n a state where the start-up of the
reaction tank 20 was completed by filling 1.0 L of a granular
sludge (1.03-1.1 mm density, 1.2-1.5 mm particle size)
extracted from an existing UASB reaction tank of a chemical
factory, into the reaction tank 20.

In example 1, a sodium nitrate solution was added to the
above stated synthetic effluent by connecting the nitric acid
addition path 12 to a midway point of the path of the liquid to
be treated 31. An amount of nitric acid was added so that the
concentration of nitric acid within a mixed solution after the
sodium nitrate solution and liquid to be treated was mixed,
was 50 mg-N/L. The synthetic effluent was passed into the
reaction tank 20 at a CODcr load of 10 g-CODcr/L/d and
sludge load 01 0.4-0.7 g-CODcr/g-vss/d. The synthetic efflu-
ent was passed so that the uptlow velocity became 3 m/h, the
granular sludge was developed and a sludge blanket was
formed. The temperature within the reaction tank 20 was
maintained between 30-35° C. and the pH was adjusted to pH
7.0. pH adjustment was performed by appropriately adding a
pH adjuster (acid or alkali) which was accumulated 1n a pH
adjuster tank (not shown 1in the diagram), to the synthetic
cifluent which flows in the path of the liquid to be treated 31.

The CODcr concentration of the liquid to be treated which
1s extracted from the reaction tank 20 was 30-80 mg/L and the
CODcr removal rate was 97% or more. In addition, the top
end (sludge boundary surface) of the sludge blanket formed
by developing the granular sludge increased together with
multiplication of the bacteria. As a result, granular sludge of
an amount more than the amount of granular sludge at the
start of the treatment was continuously maintained within the
reaction tank 20 during a 90 day experiment period. At this
time, the average particle size of the granular sludge increased
and disintegration of the granular sludge could be prevented.

Example 2

In example 2, the sodium nitrate solution and a flocculant
were added to the synthetic effluent using a process apparatus
2 shown 1n FIG. 2. An amount of nitric acid was added so that
the concentration of nitric acid within a mixed solution after
the sodium nitrate solution and liquid to be treated 1s mixed,
1s 20 mg-N/L. In addition, a flocculant was added so that the
concentration within a mixed solution after the flocculant and
liquid to be treated 1s mixed, 1s 0.03 mg-N/L using a cationic
polymeric tlocculant (polyaminoalkylacrylate). When the
experiment was performed with the other conditions the same
as example 1, the CODcr concentration of the liqud to be
treated was 40-80 mg/L and the CODcr removal rate was 97%
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or more. In addition, the amount of granular sludge within the
reaction tank 20 and the average particle size of the granular
sludge also 1increased.

Example 3

In example 3, a glucide was further added to the synthetic
eifluent instead of a flocculant using a process apparatus 2
shown 1n FIG. 2. That 1s, other than using a glucide instead of
a flocculant, example 3 was the same as example 2. A starch
powder solution was used as a glucide and the concentration

ol starch within the solution after the starch powder solution
and liquid to be treated 1s mixed as CODcr was 90 mg-/L. In
example 3, the CODcr concentration of the liquid to be
treated was 40-80 mg/L and the CODcr removal rate was 97%
or more. In addition, the amount of granular sludge within the
reaction tank 20 and the average particle size of the granular
sludge also 1increased.

Example 4

In example 4, a flocculant and starch was further added to
the synthetic effluent at a stage prior to the reaction tank 20.
That 1s, 1n example 4, nitric acid, a flocculant and starch were
added to the synthetic effluent. The type and amount of floc-
culant and starch added was the same as 1n example 2 and 3
respectively while the other conditions were the same as
example 2. In example 4, the CODcr concentration of the
liquid to be treated was 30-80 mg/L and the CODcr removal
rate was 97% or more. In addition, the amount of granular
sludge within the reaction tank 20 and the average particle
s1ze of the granular sludge also increased.

Comparative Example 1

In comparative example 1, other than not adding nitric
acid, the experiment was performed with the same conditions
as example 1. As a result, the amount of granular sludge with
the reaction tank 20 gradually decreased and the particle size
also decreased.

Comparative Example 2

In comparative example 2, other than not adding nitric
acid, the experiment was performed with the same conditions
as example 2. That 1s, 1n comparative example 2, disintegra-
tion of the granular sludge was prevented by adding a floc-
culant. In comparative example 2, the height of the sludge
boundary surface gradually decreased and the average par-
ticle size also showed a tendency to decrease.

Comparative Example 3

Then, 1n comparative example 3, the amount of added
flocculant was increased from 0.03 mg/L to 1.2 mg/L and the
experiment was performed with other conditions the same as
comparative example 2. As a result, 1n comparative example
3, while the average particle size increased the height of the
sludge boundary surface showed a slight decrease. This 1s
because without obtaining agglutination because the amount
of added flocculant 1s too small in comparative example 2,
floating of the granular sludge occurs due to the imnvolvement
of gas because the cohesion 1s too strong in comparative
example 3.

A change 1n the height of a sludge boundary surface within
the reaction tank 20 1s shown 1n FIG. 3 and a change 1n the
average particle size of the granular sludge 1s shown 1n FIG.




US 7,972,511 B2

13

4 related to the examples 1-4 and comparative examples 1-3.
As 1s shown 1n FIG. 3 and FIG. 4, 1t was possible to continu-
ously retain a certain amount of granular sludge with more
than a certain particle size in the reaction tank 20 in the
examples. However, disintegration of the granular sludge
occurred 1n the comparative examples.

Retference Example 1

In reference example 1, starch 1s added instead of nitric
acid. An amount of starch was added so that the concentration
of starch within a liquid aiter the starch has been mixed with
the liquid to be treated became within the range of CODcr 90
mg-/L.. The starch was added to the path of the liguid to be
treated 31 as a liquid 1n which pregelatinized powder 1s dis-
solved 1n water was added. Other than adding starch instead
of nitric acid, the experiment was performed with the same
conditions as example 1.

In reference example 1, the CODcr concentration of the
liquid to be treated which was extracted from the reaction
tank 20 was 40-80 mg/L. and the CODcr removal rate was
97% or more. In addition a decrease 1n the height of the top
end (sludge boundary surface) of the sludge blanket which 1s
tormed by developing the granular sludge was not observed
and the granular sludge of an amount more than the amount of
granular sludge at the start of the treatment was continuously
maintained within the reaction tank 20 during a 90 day experi-
ment period. At this time, 1t was possible to prevent disinte-
gration of the granular sludge without a decrease 1n the aver-
age particle size of the granular sludge.

Retference Example 2

In reference example 2, a tflocculant was further added to
the synthetic effluent using a process apparatus 2 shown in
FIG. 2. A flocculant was added so that the concentration
within a mixed solution after the flocculant and liquid to be
treated 1s mixed, 1s 0.03 mg-N/L using a cationic polymeric
flocculant (polyaminoalkylacrylate). When the experiment
was performed with the other conditions the same as refer-
ence example 1, the CODcr concentration of the liquid to be
treated was 40-80 mg/L. and the CODcrremoval rate was 97%
or more. In addition, the amount of granular sludge within the
reaction tank 20 did not decrease, the average particle size did
not decrease and a decrease 1n density was not observed.

The results of reference example 1 and 2 are shown 1n FIG.
5 and FIG. 6. The results of comparative example 1 are also
shown 1 FIG. 5 and FIG. 6. FIG. 5§ shows the change 1n a
sludge boundary surface height within the reaction tank 20,
and FIG. 6 shows the change 1n average particle size of the
sludge. As 1s shown 1n FIG. 5 and FIG. 6, even 1f starch 1s used
alone or with a flocculant instead of nitric acid, it 1s possible
to obtain a certain amount of granular sludge disintegration
prevention eflects.

Retference Example 3

In reference example 3, mstead of the synthetic effluent in
example 1, evaporative condensed water which 1s discharged
from a pulp making process 1s made the liquid to be treated
and supplied to the reaction tank 20 1n FIG. 1 at a pass through
volume of 11 L/d. In addition, as a starch supply source, a
coating effluent discharged from a coating process, was added
to the path of the liquid to be treated 31 at a volume o1 4.2 L/d.
The organic matter concentration as CODcr of the evapora-
tive condensed water was 2,700 mg/L, of which the concen-
tration of methanol was 1,500 mg/L. The organic matter
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concentration as CODcr of the coating effluent was 700 mg/L
and starch was 1ncluded with a concentration of 100-200
mg/L. The coating effluent was added so that the CODcr ratio
ol the coating effluent derived from the CODcr of the mixed
liquid obtained after adding the coating effluent to the evapo-
rative condensed water was about 10%.

Other than adding the coating effluent instead of nitric acid
and 1nstead of the liquid to be treated being obtained from the

synthetic effluent changed to being obtained from the evapo-
rative condensed water, the experiment was performed under
the same conditions as example 1. As a result, the upper end
(sludge boundary surface) height of the sludge blanket
formed by developing granular sludge within the reaction
tank 20 increases, and the granular sludge of an amount more
than the amount of granular sludge at the start of the treatment
was continuously maintained within the reaction tank 20
during a 90 day experiment period. At this time, the average
particle size of the granular sludge increased and i1t was pos-
sible to prevent disintegration of the granular sludge.

Retference Example 4

In reference example 4, a flocculant was further added to
the path of the liquid to be treated 31. A cationic polymeric
flocculant (polyaminoalkylacrylate) was used and an amount
was added so that the concentration after the flocculant and
liquid to be treated was mixed, 1s 0.1 mg/L.. When the experi-
ment was performed with the other conditions the same as
reference example 3, the amount of granular sludge within the
reaction tank 20 increased and the average particle sizes also
increased.

Example 5

In example 5, other than turther adding a sodium nitrate
solution to the path of the liquid to be treated 31, the experi-
ment was performed under the same conditions as reference
example 3. An amount of nitric acid was added so that the
concentration of nitric acid after the sodium nitrate solution
and liquid to be treated 1s mixed, 1s 20 mg-N/L. A coating
elfluent was added to the path of the liquid to be treated 31
with a volume of 4.2 L/d the same as reference example 3.
Even 1n example 5 where the coating effluent 1s added as a
starch supply source 1n addition to nitric acid, the amount of
granular sludge within the reaction tank 20 increased and the
average particle size also increased.

Example 6

In example 6, other than further adding a flocculant to the
path of the liquid to be treated 31, the experiment was per-
formed under the same conditions as reference example 5.
Specifically, 1n example 6, nitric acid (added concentration of
20 mg-N/L), flocculant (added concentration of 0.1 mg/L)
and a coating effluent (added volume o1 4.2 L/d) were added
to an evaporative condensed water. The type of nitric acid and
flocculant were the same as 1n reference example 4 and
example 5 respectively and the other conditions were the
same as reference example 3. Even 1n example 6, the amount
of granular sludge within the reaction rank 20 increased and
the average particle size also increased.

Comparative Example 4

In comparative example 4, a coating effluent was not sup-
plied to the reaction tank 20. Other than this, the experiment
was performed under the same conditions as reference
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example 3. As a result, the amount of granular sludge within
the reaction tank 20 decreased shightly and the particle size
also decreased.

The results of reference example 3, reference example 4,
example 5, example 6 and comparative example 4 are shown
in FIG. 7 and FIG. 8. FIG. 7 shows the change in height of the
sludge boundary surface within the reaction tank 20 and FIG.
8 shows the change 1n average particle size of the sludge. As
1s shown 1n FIG. 7 and FIG. 8, even when a coating eftluent 1s
added to the liquid to be treated it 1s possible to obtain a
certain amount of granular sludge disintegration prevention
elfects and 11 nitric acid and the coating eftfluent are combined
and added the liquid to be treated it 1s possible to further
increase the granular sludge disintegration prevention etfects.

The present mnvention can be preferably used 1n a treatment
ol water containing organic matter which has methanol such
as evaporative condensed water etc discharged from a paper
making factory as 1ts main ingredient.

According to the present invention 1t 1s possible to prevent
disintegration of a granular sludge. Therefore, 1t 1s possible to
stably and continuously perform a high-load high velocity
treatment over a long period of water containing organic
matter in which 1t was conventionally difficult to support and
multiply a granular sludge.

What 1s claimed 1s:

1. A method of anaerobic treatment, comprising:

introducing a liquid to be treated to a reaction tank which

retains a granular sludge; and
contacting the liquid to be treated with the granular sludge
while adding nitric acid, nitrate salt, nitrous acid or
nitrite salt to the liquid to be treated or the reaction tank,

wherein a liquid which contains nitric acid or nitrous acid
1s added to the liquid to be treated or the reaction tank so
that N becomes equal to or larger than 0.1% and equal to
or less than 10% by mass with respect to CODcr of the
liquid to be treated.

2. The method of anaerobic treatment according to claim 1,
wherein at the time of flowing the liquid to be treated to the
reaction tank, nitric acid, nitrate salt, nitrous acid or nitrite salt
1s added so that the concentration of nitric acid or nitrous acid
1s 1n a range of 1 to 1,000 mg-N/L.

3. The method of anaerobic treatment according to claim 1,
wherein the organic matter content with a carbon number of 4
or less 1n the liquid to be treated 1s equal to or more than 70%
by mass of the total organic matter content.

4. The method of anaerobic treatment according to claim 1,
wherein the liquid to be treated contains at least one agent
chosen from a group consisting of a chelating agent, a scale
dispersant, and a bactericidal agent.

5. The method of anaerobic treatment according to claim 1,
wherein the anaerobic treatment 1s performed while supply-
ing a flocculant to the reaction tank.

6. The method of anaerobic treatment according to claim 1,
wherein a liquid containing a glucide 1s introduced to the
reaction tank.
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7. A method of anaerobic treatment comprising:
introducing a liquid to be treated to a reaction tank which
retains a granular sludge; and
contacting the liquid to be treated with the granular sludge
while adding one or more substances from a group con-
sisting of nitric acid, nitrate salt, nitrous acid, nitrite salt
and glucide to the reaction tank or the liqmd to be
treated,
wherein a liquid which contains nitric acid or nitrous acid
1s added to the liquid to be treated or the reaction tank so
that N becomes equal to or larger than 0.1% and equal to
or less than 10% by mass with respect to CODcr of the
liquid to be treated, and
a liquid which contains glucide having a range of equal to
or larger than 0.1% and equal to or less than 10% by
mass with respect to the CODcr of the liquid to be treated
1s added to the liquid to be treated or the reaction tank.
8. A method of anaerobic treatment including introducing
a liquid to be treated to a reaction tank which retains a granu-
lar sludge, comprising:
adding glucide to the reaction tank or the liquid to be
treated; and
contacting the liquid to be treated with the granular sludge
in the case where the amount of organic matter which
have a carbon number of four or less contained 1n the
liquid to be treated are 70% by mass or more of the total
contained organic matter, or in the case where the liquid
to be treated contains one or more agents chosen from a
group consisting of a chelating agent, a scale dispersant,
and a bactericidal agent, or in the case where the sludge
load introduced to the reaction tank exceeds 0.3
KgCODcr/kg-vss/d or a uptlow velocity within the reac-
tion tank exceeds 1 m/h,
wherein the liquid to be treated 1s evaporative condensed
water which 1s discharged by a pulp manufacture pro-
CESS.
9. The method of anaerobic treatment according to claim 8,
wherein the glucide 1s starch.
10. The method of anaerobic treatment according to claim
9, wherein a starch which has been gelatinized 1s added as the
glucide.
11. The method of anaerobic treatment according to claim
9, wherein the starch 1s added so that the added amount of
starch has a CODxcr ratio of 0.02-0.2 with respect to a CODycr
concentration of the liquid to be treated.
12. The method of anaerobic treatment according to claim
9, wherein the liquid to be treated 1s evaporative condensed
water which 1s discharged by a pulp manufacture process, and
adding nitric acid or nitrous acid so that the concentration
alter adding nitric acid or nitrous acid to the reaction tank or
liquid to be treated becomes 1-1000 mg/L.
13. The method of anaerobic treatment according to claim
8, wherein the anaerobic treatment 1s performed while sup-
plying a flocculant to the reaction tank.
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